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Random Access Memory)t 6^T5'fc-^/G, il^ RAM ??A^Jfri^^^^^fJS.^^Jh^ 

( Magnetoresistive RAM), MRAM. 
MRAM t-ft^^A^^— 

10 t^^l^ 

— . MRAM 1 6^>^'I±?^M##-¥-iG MFC ( Magnetic Film Cell ) 
#^ MRAM ««t^:>'&^^#^-^«^>^^: 
[F1/NF/F2]. Fl^F2^^^^>#'fi##>&, NF NF 
Jr^f- Fl Jr^ F2 M^i^ . Fl ^fp F2 ^:^M.^t-'M:mmt:^^m\'^^M: 

k:^il#^Kjm^M#;?b#^-¥^;^., i FK F2 6^^t>ft:;3r,§;;^ai§]Bt, >ft'fcigM>ff 
'f^-^-iLMFC^iiLttl^^d^^ia^i^; fl^iFK ¥2 W'i^:^:!^^nM , M']±M 
20 MFC H'J^mit? t FiL^,^o 

0 jtb, MFC ^^^^^m-^i^ ^ PJL^^,^ , itit?t^^t 

'fijf M^-ft-f^iL MFC t i] i±7^^@^tf-^i4T^l^^^^t^-l^^i^, ^?-^it^i-?.mt 
4; i7fjiti±^i»fi«###->0MFC 6^^PE^.^, ?PTli^*^W6t'f#4. 
-n. :^^6^MRAMi^iL^;Kl 
25 @ tlTitt^;^ 6^>?#'l±^M^>f^#.7L MFC ^^^^m 1 ^-t^o it MRAM 

^m^%$-^^^M.X, ^t^^A-^M,^^^MU M2, M3^->^i±'^ 

^i-r-nis^^M,^^^M:^ . ^tWM^##-itMFCititi±>:^#^^TM. ^ 
y»,:^^WM2> Ml ^:^^Jf@5^#j|*:JU^a1l'^'f ATR 6t>:iE^3i%#, ^i^^f 
30 ATR 6^^, EJi!'J?fpJik.^ GND i^^f ATR R\VL„ 
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BL ^^^^ WWL v:^— ^6^Bt^^f.iti±^AX#4», 

m^iif}^>m/^^^^m^MMi%^^m>m^^^^^ mfc ^n^M 

■^:M'l-i^M#^#-7L MFC t ^^-ft 4J«!'J ^^^^ RWL . ^ibif 

BL ( ^4^^^^ M3 ) ^mm^^ii^^^ MFC. i±>:l^ 

BL ^— ^-^it^^-^^vjFu, ^PTl^M'hi^M^'f^J^TGMFC ^ Bt6^*FiL^,^„ 
i47:tb^P^StLTm^M#^-^7GMFC t#4^-^tll. 

■iipjLpIfi^, i^i^^^ MRAM ^Jl-^ =.'f l^^4^^.&^>^;S.->^it/:l: 
^M,M^^M,^^K^^, ^^#MRAM^mx?:J:^. ^^L^, ^^h, ^ 

^'\^^M., x^^ji im^it^^ji^m^ cmp, 

Chemical-Mechanical Polishing) ^^fe)^A^'f4^M^#^M>?t*#;^4^^ 

20 

^M^y^^^A : MFC 1 6^^t4^/^* 

^^^-/^^^f^m']^MrM.^^^^ MFC 6^'fe>ji^:^A^-^#J:i"^«JW 
^#4iLMFC. ff>.t^it-#^7L6^tvjt,^/f/"^^»^6^*|S]#;^I;*L^i^ 
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^}r^>}^^^^^^^ MFC i^^im^t^MM^^Pm^^^f ATR ^^^m 
WL ( Word Line ) ^^3:^ BL(Bit Line), fJfi^^^ WL P\ Bt-t^A 
^Jfi^^n^f ATR ^m^, Pf\miLi% BL ^^^^-/fii^t'I-i^«^#J^iL MFC 
WL JL, ^^>^ii^t'l!4«^'f^#^iG MFC jL^^Di^, 

5 ir3.^m±M^^^^ MFC ^ ^^^'f^^i^^i. ^ MRAM P^^'J 1 6^^- 

[0 t ; >fm^M^##->t MFC ^^^^^'ft^-TLP^^'J ; iti^^ 

^.t, ^>^ii^t.l±^«#i^iL MFC ^5^iti±>:^^4^^^/rii.s%'f^f ATR ^ 
it^tiil:-^; 1-:^;^.^^ WL ^^#->fi^ BLK BL2, ^-^ii^^ WL N Bt-tL^/^t 
ii.H^'f^'f ATR6^F#;fel, BLK BL2 ^^j^^-^T^WM-t^'f^^- 

TG MFC ^0. BLl WL;fEIJ:#J:, #JL-^>m'14«>i!-# 

[5 ^iG MFC 6^ ^mt^^-^i., BL2 ^;-tii>?t'I4^M#'f*^iG MFC i# 
^ai^, ifJL^-^fe^>g^^ii^BLl^@XPil^. 

4^: B^'f^'f ATR:fiG^^6^f^^^^^^^>J^7GP^^>J, iti^^#^'j-¥-^l^^'J 
^^^^-r^#;l,t; ^^'f^W^-^-^iLMFC^A^^^^iGl^f'J; ^m^L 

i^^^^f KTK^~7t^^it^- VAA.^^^i%m.\. WLl^m^BL, ^ffi^^^ 
WLl n H'^AP^^^n^f ATR i^m^, WL2 BL ^S. 

^;>til^'li^M##-¥-^ MFC ^X^, fr^^^ BL -^^-^ii^^ WL2 ;j=iJL 
^i. ^-i-^>^WM^##-7GMFC6^^>#'ft^l^#i, ^^WL2^^-^ii 
>5 /^•I4^M^'ft#-7GMFCi^i|:#, 

iti±^^ It 6^ #i ^ ii^^ A:^ Ji- , :^>^ T SS,^^^ t ^ H ^ i=-# 

50 mm^^^ 
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S 2 A:^^^n^M^£.^yM.^>\.i^^M^^^^^m^m^] 1 6^ 

S 5 A^Xm t#JL^A^>Mf-#^At>;t^>Fm^M#>f^#-it MFC 

MRAM ® ; 

i^mf} MRAM#-7t^;|*j7F#g; 

S 9^4^^B^^;5fe>^!|2i^|P^^!|6^MRAM^7L^;fil^f — 

MRAM t#i-^vi^^A^';^: 
1: 

2. m 3 ^-^TTT, MRAM^^Ht^^^^^W^'f^^^ MFC F4?'J ^ 
MRAM 1 M^^^^, ^— ^ MRAM 1 t . 
M^>ft#-7tMFC2. ^B'^4^tATR4. it>:^^^>& 3b. ^li^jL 3e 4 3f ^-M 
^P: ^^BL3a. WL 3d ^:^Ai^k.^ GND 3c. ;itWJt^##-7G 
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MFC2 4 ^n'i^f ATR 4 ^itit^4:M>M: 3b ^nS-Sk^. ^^y^ Ji^^^i^ BL 3a 
^%$^mmit^^^7t MFC2 ^ Ji:t#iL^^t.fi^jt^#^7L MFC2 Jl^ 
1^ ^^mmf^^^^-^ MFC2 6^ |^/ft'ft;^i^;fEI^#i„ 
■k^m'if^-^, ^^MRAM#-7t 1 i^^i^>^5a. 5b. 5c. 5d. Sq^M., 

M^M:5h. 5d, ^P^i^BL 3a^^^J-5d;SLi<k.^GND 3c. it>S.^/^^ 3b 
5b. ^'I±^M^#i^7G MFC2 ^X^W BL 3a 6^ T::?^ J.* Ji^ 4^5. 
^ ^i:^ BL 3a Xmni^^; m^^^^^^^ MFC2 T# ^^iti±itii<^ 

4 J: 3b. ^m:ii3f^^%'i^f ATR 4 4c ^^i^^. mm^^^^^^ 

10 MFC2 t ^ I] ^^6^ ^mm^^m BL 3a 6^ ■^ii:^i^;^il^#jL„ 

yM.^^yM.S.^m±^^^^^^ MFC2 ^'j^^ GND 3c 6^iti^Ji, 
MRAM P4-?'J 1 6^;^-^^^ BL Jii^I.->his^. A.>hP^>.t^;f^ , 4 f^ij^^ 

15 ^ ife >.t, I < Is, ^>.t^^>fi^ BL iti±t?aiS:;^v.t^:S;f»>f M# 

MFC 6t^iiio Is6^*^:»^'J^^^»^M##-¥-iL MFC 6^lt'f^^,i?## 

it MFC ^^>f-bt5#. ^I>IsBt, -^FWX.^fij^^^j^lT'ft Ii=IsJLIi+l2=L it 
4>i^ I, ^ I2, -t^-^m^M^^-ft^it MFC 
>0 i?i^^^-^^ii'r4^M##-¥-iG MFC ^^^#Jl« ^it^iifb Ij^ft- Iz/^i 

^^^^M'i^jt:^-^ MFC 1) ^Jr^^>#^:itpg 5 ^/f^ ( I2 6^^^^:^.*.'fe>.=^^ 
^A^'l )o lij 'fevJ^ Ii f^M^^^^^-&>}^M-J^^^^^ MFC 6t |;/ft^^#^t^Ji, 
ifi7 i±J h/^^Mi^M^\A.^W^>^^^^ MFC il I*) ^rnrni^ , 

15 ^^^^MFC^m^M^, ^P MRAM t'fi"^^^ A, ilBt l2=I-Ii=I-Is> 

is^^>M.f^^^A^mi'i.^^mm±^^^^^^7t MFC 

>5ti^MRAMP-^?'J^h^^m^t.>;^i?f7-|", ^^^jfe^j^MRAM^^X'fe, 

>,tjP>^— ^, ^PI=Is+l2. 

50 i±7jtb, v:<S2. m^ff^^^^-Tt^m, ^MRAM^-f-JtiLi^A^^t. 

A=FiL5^#6^^^ WL3d^->^3ii6^^-1^^>^«>{^^f ATR4 ^i^-f^it^j^, 
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i^^A^^tfj^^BL 3aJi-!^^-^-^jij^-a., Mm^^yMis.0,BL 3a 
im>]±M^^^-^^ MFC2. itiA4:M,M: 3b. ^m^l 3f. ^^^-f ATR mU. 
4c. sl)^-? ATR 4a. #I4^L 3e GND 3c, >y..?i7^MWM^ 

-ft-^-TG MFC2 ^ f 6^ ^ Pi^i^ , MRAM #-iL 1 t ffr^W^t^; ^ MRAM 
5 ^#iih^^#:#t. tib^LA#:i^#6^^^WL3dl^--4-3l^^^^^k>^^tB% 
ATR4^i^-^it^^i^, ;%Ji;^^'i:3:^BL3aJi-|^A^A^it, ^P^t^ 
6^#^T^t^^^v;^?ic^^^#-f ^^i^#^'Ii^M>4Wit MFC2 ^^vj^ li 

^^t-^^tit^mmi^^^^^ MFC2. ^JLv;jL^#.i^#>ft'[igM##-¥- 
7L MFC2 SiJ GND 3c 6t^>Jfu I2, 't:^n/^^6t^M^#-^M'I-^^M##-¥^ 
10 MFC ^W'f-bt?^, ^^P^^TM6^^Ao 

BL Xir(jmM^^m^S.^$.A^ MRAM P^?>J ^i'h SI -fei^ t , 

•^m^] 2: 

Tip® 6. mi^ft^. >^->i-MRAM#-iL 1 
15 7LMFC2. H^B'f^'f ATR4. ii/]^^^ J: 3b. ^B^^l 3e ^ 3f ^— 

'fi^BLna. ^^BL2 3g. ^^WL3d ^>^;S.i^k.^ GMD 3c, ^tWM^>ft-#^ 
it MFC2 ^ H^g'fl^^ ATR 4 ^itim.'kMiM: 3b ;^^MjJc, 
BLl 3a. BL2 3g ^ MFC2 ¥]X^^3-^^ BL2 3g ^ 

###-7G 2 |5j Bt^i^iG 2 6^ ^J^V^^MS-^X; BLl 3a 4 

20 BL2 3g\i7^&^Jr5eP^^, ^M^^t^^^f^ 

>® 7^4-7fr, ^^MRAM-¥-7G 1 ii7^-f^5a. 5b. 5c. 5d. 5e. 5f> 
5g. iS:J*>&t^#5^^^Ki^\i7^^^^a<^>t4a„ ^ MRAM #-7G 1 

^^M,^^M:t^M:5h. SdjfpSf, ^P'li^BLl 3a;;r-^t;i: 5f. BL2 3g 
;/r^>^ 5d ;S.iik.^ GND 3c. i±>:t:<ir4>^ 3b ^/f>ifc>ir 5b. M>Wm^^^^ 
25 MFC2 ^ J.^>fii^ BLl 3a. BL2 3g 6^T:?riL^Ji^^:fe^>f3L^ BL2 3g JL# 
;^'I4«>^>f^-¥-;^ MFC2 6^T^^^ii.iti±>:^^4Jr 3b . #li:?L 
Sf^^n^f ATR 4 6^^^^ 4c ^n^^. >Pt'fi^M###^7G MFC2 + || i±7>^ 
6^ ^mt^^^iL^ BLl 3a. BL2 3g i\i]^it^^^^S.^X, "i^^ BLl 3a 
BL2 3g:^aX^#, 

30 ^^^^^'^'J^^^^ilS^^t, t^A=Ri&#^^^WL3d^-^iti 

6^ ^^^v:^^^^^^^^^ ATR 4 ^f--!^it^j^, ;^;&A^#^>fi:^ BL2 3g Ji-^A 
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-^MM: 3b^ ^i^^l 3fs ^n^f ATR MU. 4c. alj'f^'f ATR >J^M 4a. #li:?L 3e 
^iti^iKGND 3c, ^i7i7^Mi'fi^|I^'ft-#-7L MFC2 ?p 
MRAM-f-TGl ^-f-iJ:^^##t> tk^^A^tit^^^^ 

WL 3d ^— ^it ^ 6^ ^^i^J^^^^f ATR 4 ^-f-f-it^,^ , BLl 
3a. BL2 3gJl^:^— ^6^N-;f:^^-^A^il6^^A^vjfeo ^i^BLl 3a±¥}^}ji 
^H^^k^^MWm^^^^ MFC2, 'fi^ BL2 3g Jifi^ t Wv;^^^i^# 
;^'1±^^##^7G MFC2 fl^^ijit GND 3c, '^'fn j^^6^^«^#-f-^>^'I± 
?^l^^#-¥-7GMFC2 6«^t*^#, ^^P^ilTM^^Ao 

8. S9^/r7F, 4-M'^'J#^^^^'J2 t6^^3:^BL2 3g^;5n^>yv4^i 
^M.BL13a^#?iL^^^^WL3d^#. ;^^|J t v>i^^ WL2 , 

WLl ^>^75tE^lJ, ^t^i^^^^^^^m^] 2 ^Pfr^^^- 

;^;^^mm^i^T^^^^^ , t^A^tit^ii^^^WLi 3d ^-^ii 

^ 6^ 'fe^k:^^tB^#^'f ATR 4 ^i^-l-it^i^, ^^>^A^i^#^^^ WL2 3g Ji 
-f-A-^-^il{%>;^, JiI'J-^tlj^a.^^^WL2 3g ^>#'fiW-?!-##->tMFC2. 
iii^^y^^ 3b. #li:jL 3f. ^^^f ATR iife 4c. ^n^f ATR 4a. # 
mi 3erfi73iJ4^GND3c, >^fi7^^Ut'I4W^>^#^iG MFC2 ilt^ t F« 

gPMRAM#->Ll ^P}f^^^», ^-f-iiii^A*#t. 
^^^WLl 3d^— ^it^^^t^^>^'^^B1,^f ATR4^t-f-it^^.^. f^^^ 
AiLi%BL 3a. WL2 3g Jit-:^— ^^^Bty^-^.^^-f^A^I] ^^^A'feiifu^ m% 

BL 3a Ji6^ t.>;i^#-f ^^i^#^'hi^M^##-it MFC2, WL2 3g Ji6^ 4 
v.t#v.t^#.i&#/?t'lt^M^#-^7L MFC2 ff75iJiiGND 3c, '&'fn/^ii^^^ 
^i^^^^^'\^M-^^^4-yt MFC2 ^>ft'f^^#, Hk^^P^^TItll^^Xo 
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MFC t ^^-ft^^^^^^-^-f #-f 
li/fM##-¥^7G MFC 6^'fevj^^X;S.^->^#JLi"^«^M#^t^it,MFC. ffit 

a) .^«>(^'f ATR ( 4 ) ^mm^^nmi^mH , ami^m^^] * 

b) ^^'fi/«##-¥^7GMFC (2) ^^^6^^#^/gP^?iJ; 

c) #rli^L (3e. 3f) ^it^^M,M^, PJf^m^m^^^^MFC (2) 
^#^:?L (3f) ^it^^J^M^^P/r^^n^f ATK (4) #-iG«#; 

d) ^^WL (3d) ^^^BL (3a); 

Pm^^ BL ( 3a ) ^X^^/fi«'I4^J3^-##^^ MFC ( 2 ) 
d^Ji:^, ^^jL#;t9i^-^^J-^>^'14^M##^itiMFC (2) ^M^:^^^ 
1 = 

3. #m^5L^'J^>1t 2^>tii6^1.i^#i^l,>,t^A^^m;f^^M^^ 
^A-^f^^M^^r-^^^^ BL MRAM F^?>J = 

4. #Bg,>^x^'jj^43;;f^^.^l^i"#J:^v>^^^^^^M«M'ft 
;fi^i-, ^;rii;Ft'f4jtM###-7L mfc (2) ^J.^^;Kj^^^m#^^+>i:^>^ 

5. ^fl8,^5(^if0^^4^-^ii6^1.i^#i*v;^^>V6^m^^M'ftll, 
;ii£^-f, ;->fiE.^iL^BL(3a)^^/rii1^^WL (3d) 

^#-X.MFC (2) itf]Si,m^t:^^^P)fm^i^BL(3a)^nS-^t, 

;fi£^i^, /;fii^^WL (3d) I5lBt^i<7^/f^B^B'f^^'f ATR (4) 

^^^^r, ^-^til#46^i±^t. ^-/fil«^#^t ATR(4) -f^it, ^A^JiiLiij;^- 
iiBL (3a) ^\/^^^^P}r^m^J^^^^^MFC (2) t##^#4. 
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(5d) ^^Ifi^it^^M,M: (3b) ^J^^GND (3c) (5b). 

5 a) a^^^t ATR (4) ^^^Aii^^^m^^mi^^^f'], im^m] 

h-)m>\±^^^^^7tMFC (2) ;j*J^^^^#-7tF4-?>J; 

c) #a:jL ( 3e. 3f ); 

d) ^^M. WL.(3d) Tfp^^-fiiaBLl (3a). BL2 (3g); 

10 i£&:^^i±;^^<^ Jr ( 3b ), MFC ( 2 ) 

^^^i:kiti^^^M, (3b) ?fv^^4-ii#)§i^l^ (3f) ^f/r^^n^^f ATR (4) -^iG^til 
il:-^; ;4-^BLl (3a) ^ BL2 (3g) ^^t^^Jk^M^ J^yr^X^S-^^f, 

mm^is.^ BL2 (3g) ^fi)fmmmm^^^MFc (2) xmns^^, 

15 ^/fii^t'fi«^##^7L MFC (2) ^^;$^m^^^Mcmm^M: 

;>^ii>fi^ BLl (3a) ^ BL2 (3g) 
20 tLMFC (2) ^^mt^^^X, 3-^9f\'^^^ WL (3d) 

12. ^M^X^'J^^i^ 11 ^-tii6^^i^#jL^>;t^A6«|5l;^^#^##^ * 
#;fi£^i^, ^/r^i^^ WL (3d) I^Bt#i^^>tii0^B'i^'f ATR (4) -^iL6^4tfeo 

13. ^m.M\^^\2ff\i^^^'^^x^'^M.^:>^m^w^^^^, * 

#;fi£^i^, ^■^{il'ft.lr^it^lt, ^/fM^f ATR(4) -f^it, -^ib^it*^-^ 
25 i^.>(2.^ BL2 ( 3g ) ?1 7>.i^»;/f iM'liigM^##-7L MFC ( 2 ) f^W^t 
4. 

14. i3^>;fii6^1.i"#jL^>;t:^7v^^W^^#c#^ ^ 

#^i£^i-, *:^7v#^t^#i^^4-^^i^ BLl (3a) x^^f^^mmm^^ 

MFC (2) ^^^M.^^Jrmm BL2 (3g) ?lA^. #J:f-«?fM^ 
30 ^^TtMFC (2). #>;^^^4-i2^t'I4^M#'ft#-7GMFC (2) 
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15. ^f^.M\^^%9^14^i'-PW^&i-^M.^yt:^^^^^^J^^^4- 
^#4iE^-f, ^p/-^idL^^BL (3a) /;f^ 

Plfi^^^ BL (3g) /-^.^a>^^>^;SJ^k.^ GND (3c) ^it^^kMM (3b) ^4" 

5 16. -^l.-f#jL%>jF.^7^6^m^^#:|?^#'ft^, 

a) B^s'(^^ ATR ( 4 ) #-iL;^ij^6t^«^^^*J^/GP^?'J , ^^^%mW 

b) «±«^^-¥^itMFC (2) ^M^^^^^^^U 

c) ^B^l ( 3e> 3f ); 

10 d)m^^^WLl (3d). WL2 (3g) ^m%BL (3a); 

*#4£>^i-: ^;fii^^ WL2 (3g) ^ ^/f MFC (2) 
^mn^^^^PIri^^sL^ BL (3a) >fil5.#jL. 

17. 16^/f^^^f-#J:t>/^^^6^m;bl^^M-##, ^ 
#^i£^i^, ;>tit^'fi^M#>ft#->0 MFC (2) d^^4^^^il^^>it'I4##>g 

18. #^.;f^^'JJ^^ic 17^-^3i6^J-i^#jL%vj^:^^6^^t^^^^ ^ 

PJfUL^^BL (3a) ^fp^Wi-Ii MFC (2) 6^|^>?« 
:ti^#^J-, JL^^-tii-'fi^WLl (3d), WL2 (3g) ^SX#JLo 
20 19. #B«^5Lif'j^4c 18^;tii^l^i"#i^>;^u^^^^t|5l«^^ ^ 

^/fii-fi^^ BL (3a) WL2 (3g) ^ Ji:;5riL^-^^& 

20. i9/4-ii.6^^i"#J:%.>/^^A6t^M;M-M^ * 

WL (3d) |5]Bt'ft;5*?^/f«^-f ATR (4) ^^^tlW'^. 
25 21 . ^^.M-^^ 20 ^/rii.6^-$^i"#jL^viSi.^A6^>ft|5i;|M^:M-#ll, # 

-^fc^{ii'ft4^i±#t» ^WB#^f'ATR(4)-^it, ■^ifctvj^^;>/f 
yi^^ WL2 (3g) ^]^^m.^Plf^'\^^}l^^^4-^MFC (2) t#^^^t 

22. #.8g,;^5l^,J^,^21/;fii6^J-i^#jL4>,t^7v^^;f^^^^^^ * 
30 #^i£^-f , i£&4#itil:^>^>g (3b), ^-^ii^WM##-f;'tMFC (2) 

it^A.<kM,M: ( 3b ) ( 3f ) ^^-^ii.H^B'fl^f ATR ( 4 ) #-7L;^@ii#. 

10 
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23. ^mM^i^^ii^m^^t^x^m^wmii^^^^^, % 

-^TLMFC (2) 6^^>.t^^^;rit1^^ WL2 (3g) ^jlf-^jtM-fl 
-f^^-TGMFC (2X >.tl^^/fiiJft'l!i«##:^7G MFC (2) 6^ 

24> ^,8?,;^^.]^^ 16 J. 23 <i-^/riel6^J.t#i^>;^i^7vl^>f^lt;feM^^ 
^^4:M,^^M.t^Mj^M:, W^i^ BL ( 3a ) ;/f 

^;rii^^^ WL2 (3g) ^;f^>g, ^:^;s.^^GND (3c) ^^/fii.it>:l:-^/^.& 
(3b) ;;f^.g. • 
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Fig.l (SftWSTit) 
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Fig.3 
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Fig.5 
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